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I. INTRODUCTION 
Tho rosearch of many chemists has accumulatod knowledge 
of reagents and conditions under which specific metals can be 
proclpitatod and separated quantitatively from solutions in 
which they are found. Organic compounds constitute an ever-
increasing share of such precipitants • T.Tany of those com­
pounds with the metals, as well as certain of the inorganic 
compounds, should be easily oxidised. 
The purpose of the present investigation was to deter­
mine whether some of these precipitates could be oxidized 
quantitatively by any of various oxidizing agents, thus 
permitting volumetric titrations of the metals in place of 
more time-consuming or loss accurate sravimetric methods. 
In the analysis of alloy steels the great similarity of 
reactions of the metals of the iron group has frequently been 
a aoui»ce of interference, Jfethods of separation of those 
metals are difficult, and rapid, qxiantitative separations and 
determinations are still to be found. Before the use of 
nickel in steel this circumstance caused no particular trouble, 
but when it became necessary to determine nickel in the pres­
ence of large amounts of iron, the interference became 
in^jortant. Still more recently the use of cobalt as an 
alloying element further complicates the analysis of steel. 
It is now often necessary to determine both nickel and cobalt. 
In the presence of oaoh other and of Iron. 
Dimethylglyoxlme and alpha-nitroso-beta-naphthol are 
reagents which effect such separations of niclcol and cotoalt, 
respoctively, 
Tlio latter oorapound vms the first studied in an endeavor 
to develop a volionietric method for cobalt determination. Tv70 
other cobalt procipltatos wore investigated with the idea of 
using thorn directly or after a preliminary separation v;ith 
alplm-nitroso-bota-naphthol. Titrations using the nickel 
precipitate with dime thy Igloxlrne v;ero also studied. 
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II. COMPOUiroS STUDIED 
A. Alplia-nitroso-beta-naphthol 
The precipitation of cobalt with alpha-nitroso-beta-
naphthol was roportod by both Ilinsld. (1) and Hoffman (2). 
Ilinski and von IQiorre (3) reported its use in separating 
cobalt from nickel in 1885. The separation has boon used 
widely sinco that time, almost all methods for the quanti­
tative detei'inination being gravimetric, however. Tlie 
procedures most used after prooipitation involve ignition to 
the oxide, which ia weighed as such or reduced by hydrogen 
and weighed as the metal. The precipitate itself may be 
dried and weighed. (4). 
Oxidation of the compound, alpha-nitroso-beta-naphthol, 
witli potasoium permanganate, was attempted first in both acid 
and alkaline solutions. Tlae naphthol was weighed into Erlen-
meyer flasks, the permanganate and acid or base added, and the 
mixture allowed to stand. The temperature and concentration 
of permanganate and acid or base were varied, Tlie amounts 
UEsed and other variables in typical cases are summarized 
in Tables I and II. The length of boiling time is indicated 
for the samples that were heated. These samples were 
alloxved to stand after boiling. The alkaline solutions were 
acidified with sulfuric acid befoi»e titrating. To each sample 
TABLE I 
PER?5ANaAMTE REQGIRE?.EIiT OP ALPIi/L-HITROSO-BETA-MPHTIIOL IN ACID SOLUTION 
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0.991 25 7.63 15 cold (incomplete oxidation) 1 
0.096 50 15.25 25 cold 1.18 0.48 14.55 152 2 
0.100 50 15.25 50 cold 0.07 0.03 15.21 152 3 
0.049 25 7.63 25 boiled 3 3.63 1,78 5.78 118 4 
0.045 50 15.25 20 cold 7.18 0.45 8.52 189 5 
0.053 50 15.25 20 boiled 10 7.26 0.68 8.64 163 6 
0.051 50 15.25 20 boiled 15 7.26 1.47 9.46 186 7 
0.052 50 15.25 20 boiled 20 6.01 0.53 9.77 188 8 
0.055 50 15.25 25 cold 5.09 0.33 10.49 191 9 
0.050 50 15.25 25 boiled 3 7.26 0.33 8.32 166 10 
0.050 50 15.25 30 cold 10,11 0.32 5.46 109 11 
0.048 50 15.25 20 boiled 10 6.73 0,63 9.15 191 12 
0.053 50 15.25 20 boiled 15 6.08 0.71 9.88 187 13 
0.047 50 15.25 20 boiled 20 7.03 0.60 8.82 188 14 
0.046 75 22.89 25 cold 11.80 0.3o 11.42 248 15 
I 
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TABIS II 
PERMAJ3GAMTE REQltlREIffiiiT OF ALPHA-IIia?BOSO-BETA-riA?nTHOL IK ALKALIIE SOLUTION 
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1.000 25 7,63 25 cold (incomplete oxidation) 1 
0,243 25 7.63 25 cold (incomplete osidiation) 2 
0.100 50 15,25 25 cold 1.98 0.122 13.39 134.0 3 
0.100 50 15.25 25 cold 0.516 0.061 14.79 148,0 4 
0.098 50 15.25 25 cold 0.384 0.061 14,93 152.0 5 
0.050 25 7.63 25 boiled 3 6.00 1.95 3.58 71.5 6 
0,052 25 7.63 50 boiled 3 3.52 0.366 4,48 86.2 7 
0.050 25 7.63 100 boiled 3 3.45 0.092 4.27 85.5 8 
0.052 25 7.63 150 boiled 10 3.60 0.519 4.55 87.5 9 
0.049 25 7.63 150 boiled 10 4.01 0.793 4,41 90,0 10 
0.053 25 7.63 150 boiled 10 3.74 0.763 4.65 87.8 11 
0.047 50 15.25 25 cold 11.85 1.19 4.59 97.7 12 
0.051 50 15.25 50 boiled 3 11.75 1.37 4.87 95.5 13 
0.051 50 15,25 100 boiled 10 10.59 0.427 5.08 99.6 14 
0.048 50 15,25 100 boiled 10 11.72 1.37 4,90 102.2 15 
0.052 50 15.25 100 boiled 15 12.15 2.03 5.18 99.6 16 
0.050 50 15.25 150 boiled 5 11.24 1.34 5.35 107.0 17 
0.052 50 15.25 ISO boiled 5 11.96 1.65 4.94 95.1 18 
0.049 50 15.25 150 boiled 5 10.94 0.488 4.78 97.5 19 
0.050 50 15.25 ISO boiled 5 11.33 1.19 5.11 102.2 20 
0.049 50 15.25 150 boiled 10 10.67 0.610 5.19 105.9 21 
0.051 50 15.25 150 boiled 10 11.27 0.976 4.96 97.2 22 
0.049 50 15.25 150 boiled 10 11.33 1.01 4.93 100.6 23 
0.051 50 15.25 150 boiled 15 11.33 1.25 5.17 101.4 24 
0.051 50 15.25 150 boiled 30 11,64 1.31 4.94 97.0 25 
0.051 50 15.25 150 boiled 30 11.37 1.19 5.07 99.6 26 
0.051 75 22.89 150 boiled 5 18.47 0.915 5.33 104.6 27 
0.052 75 22,89 150 boiled 20 18.44 0.915 5.36 103.2 28 
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waa added an excess of forrous solution, and the end-point 
reached by back-titratlon with pormnganato solution. 
By a comparison of the data in Tables I and II one can 
see that, while in acid solution tho amount of permanganate 
required v/as much greater, in tho alkaline solution results 
seomed more reproducible, Tlierefore, it was decided to use 
alkaline solutions in further work. 
The greater oxidation found in solutions of higher 
allcallnity la shown in Table II, samples 7-11 as compared to 
6. However, whore the oxidation was more coii^lete because of 
more permanganate, as in nuniber 12, the increase of alkalinity 
had little effect. (Samples 13-28.) 
Ho significant difference is soen in results whether the 
solution is boiled or cold (Samples 5 and 9 compared with 6-8 
and 12-14 in Table I or 12 conipai'ed with 13 in Table II). 
At least 50 ml. of periTianganate must be used to obtain 
complete oxidation, but more tlian that amount causes no 
appreciably greater oxidation, (Samples 13 and 7, 27 and 17, 
or 28 and 24 in Table II,) 
In acid solution tho apparent equivalent weight of alpha-
nltroso-beta-naphthol was found to be about 5 gra. Using 
sample 5, Table I, as a typical result, the number of equiv­
alents of po3?man£ianate per gm, of naphthol v/as 0*189 (189 
rallliequivalents). 1 gm, divided by 0.189 is equal to 5.3 
gms., the apparent equivalent v/oight. 
Multiplying 0.189 by the molecijlar v/olght of tho naphthol. 
175, gives 32«7, tho apparent number of equivalents per molo. 
Similarly, in tho alkaline solution the apparent equiv­
alent v/eight waa about 10 gnis., (sample 23, Table II), and the 
apparent niarriber of equivalents per mole vms 17,4, 
In adcJition to tho docision to use alkaline solutions, 
conclusions drawn from this v;ork wore: 
(1) A large excess of perKianganate was necessary for 
complete oxidation. For 0,05 gm. of alplia-nitroso-
beta~naphthol about 15 milliequivalents wore 
required. 
(2) A high alkalinity was necessary, 100 ml. of tho 4 
percent sodium hydroxide being sufficient. 
(3) Since heating the solution made very little 
difference the oxidations shoxxld be carried out at 
room temperature• 
Oxidation of cobaltic alpha-nitroso-beta-naphtholate in 
strongly alkaline solutions with a great excess of perman­
ganate was attempted next. Naphtholato equivalent to about 
0,05 gm, of alpha-nitroao-beta-naphthol vms precipitated, 
filtered and washed. 50 ml, of permanganate solution and 
150 ml, of sodium hydroxide solution (4 percent) v/ere added to 
the precipitate, and the mixtiu''e v;as boiled for a fev; minutes. 
Upon acidification a red precipitate of the cobalt compound 
reappeared• 
The incomplete oxidation of the naphtholate indicated 
the impracticability of oxidising tho compound quantitatively. 
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Tills conclusion agreod with that of IlinDki and von ICnorre 
(3), who noted the stability of tho cobalt compound tov;ard 
acids and bases, oxidiaing and reducing agonts. 
Attempts were then made to determine cobalt indirectly 
by oxidizing the oxoess of a Imown volume of tho naphthol 
solution added to tho cobalt solution, Tlie naphthol solution 
was 0,5 percent in 50 percent acetic acid. It was pipetted 
into a cobalt chloride solution of known cobalt content. The 
precipitate was filtered after standing several hours. To 
the filtrate were added sodium hydroxide and pemmnganate, and 
the solution boiled as indicated in Table III, samples 1 and 
2, Tlaese are only two of tho series, but tho discrepancy 
illustrated is typical of the whole series. 
It v/as thought possible tlxat the permanganate oxidized 
some of the chloride, causing orratic resultn, Typical 
results of trials using cobalt sulfate are summarised in 
Table III, samples 3-6, 
TABLE III 
IlffilRECT COBALT DETSnMIKATIOK 
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25 10 100 boiled 30 50 15.75 10.52 1.17 5.90 1 
25 10 100 boiled 40 50 15.75 12.54 0.53 3.24 2 
25 10 100 boiled 30 25 7.63 3.55 1.75 5.83 3 
25 10 100 cold 25 7.63 3,45 1.69 5.87 4 
25 10 100 cold 25 7.63 
o
 
CO 
«
 
to 
0.44 4.27 5 
25 10 100 boiled 30 25 7.65 3.99 0.70 4.34 6 
10 100 cold 25 7.63 4.32 0.52 3.S3 7 
10 100 cold 25 7.63 4.17 0.47 3.93 3 
I 
H 
H 
I 
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CoRtparlaon of number S \7ith 4, or 5 with 6, shows that 
similar results are obtained either In the cold or boiling 
solution, agreeing with the conclusion dravm previously from 
results using solid naphthol, 
Saiiiples 7 and 8 are two of a series run in attempts at 
reproducibility. TOio results of the whole series fell within 
the limits indicated by these. A nuraber of other samples 
demonstrated reproducibility of results but justified no 
further conclusions. 
A series of samples of excess naphthol left after precip­
itation of 10 ml. of cobalt solution were next oxidized and 
titrated. Various amounts of naphthol were added as indicated 
in Table IV. After standing several hours the precipitates 
v/ere filtered and v/ashed. Tlie permanganate and sodium hydrox­
ide wore added and the mixtures allowed to stand. After 
sevoi'al hours an excess of ferrous solution v;as added and the 
end-point reached v/ith permanganate. 
TABIiE r/ 
KEQUIHEKENT OF SXCESS NAPHTKOL 
Cobalt Permaa-
Sulfate ganato 
Solution (X-litroso- PArnrnsnofanni-ft Pe3?rous (Back- Net Per-
(0,1%) /3-naphthol —~ Solution titration) xaanganate 
(ml,) (ml* 0,16^) (nil. O.SOSH) (m.e,) {m.e.) (m.e.) (m.e.) Uo, 
10 10 50 15.25 17.00 1.88 0.13 1 
10 20 50 15.25 15.82 2.33 1.76 2 
10 30 50 15.25 11.23 1.25 5.27 3 
10 40 50 15.25 8.94 1.98 8.29 4 
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Tl'ie pennangamte requiroment Is plotted against tho 
amount of naphthol in Figure 1, 
•Ehe approximate linearity, v/ithln limits, indicated tho 
possibility of detormlnlng cobalt in limited quantities. 
Some of the variation from proportionality could be 
explained if the penoanganate oxidized some of the acetic 
acid, because both the acetic acid and naphthol contents of 
tho solution were varied. 
Various amounts of acetic acid vjer© oxidized and titrated. 
The permanganate required for these was subtracted from the 
totals for a serioa of naphthol samples. 
'Hie data obtained in this v/ay were not good, showing 
little proportionality betv/een permansanate required and 
naphthol present. It was decided that the correction for 
acetic acid must bo obtained in another way. 
For that purpose a scries of samples of constant total 
acetic acid content was run. Some of these are shown in Table 
V, samples S-S, The total volumes, as well as acetic acid 
content, were kept constant by addition of water as indicated. 
The permanganate and 100 ml. of 4 percent sodium hydroxide 
were added to the naphthol, water and acetic acid. Tho 
mixtures were allowed to stand several hours. 
The permanganate required for tho acetic acid alone is 
shown by tlie first two saniples. They were run as the others, 
except for omission of the naphthol and substitution of an 
equal volume of 50 percent acetic acid. 
Q 
O 
I 
O 
-Ji. 
o  
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Sorae examploQ of results obtained with a different amount 
of aoetic aoid are shovm in aaniijloa 11 and 12. Samples 9 and 
10 give the correction for these. 
As shown in Table V the samples in the two series 
contained totals of 10 and 20 ml, of acetic acid, respectively. 
A third set of results in which the acetic acid content was 15 
tttl. per sample la given in nunibers 13-15. The correction for 
acetic acid in these was Interpolated betv/een the corrections 
for tlie two preceding series. 
TABLE V 
REQUIREIffiliT FOB MPHTHOL CORPSGTED FOR ACETIC ACID 
I H 
0 
P'S'-' 
4S p,0 
. 1 I H 
'd • 4S 
• 
H 
•H O"^ g S a 10 w 00 
•H ^ * <s 43 a s 0 0 H 
5 0 B © s <5'—' a«^ 
a g o 
• 
u !:i o 
© O S  O 
o 
o 
(1| +3w 
p<-p^ 
d ;:3 <& 
+5 2 a" • 
© Ctf <D S tDK^ 
O 
•P O • 
S "p • 
s 
W ft— 
a a 
d ^  o 
P . ^  Pi fi o O OH Jit <H <15 
— 10 10 12.35 13.00 0.88 0.23 — — — _  1 
— 10 10 12 .35 13.00 0.88 0.23 2 
10 5 5 12.35 10.64 0.52 2.23 2,00 3 
10 5 5 12.35 10.60 0.49 2.24 2.01 4 
10 5 5 12.35 10.60 0.49 2.24 2.01 5 
20 umtm 12.35 9.46 1.26 4.15 -3.92 6 
20 — 12.35 9.49 1.32 4.21 3.98 7 
20 «m mm — 12.35 9.49 1.35 4.24 4.01 8 
><• 20 20 12.35 12.90 1.05 0.50 — — •a. 9 
*mmm 20 20 12.35 12.90 1.04 0.49 10 
20 10 10 12.35 11.73 4.01 4.53 4.03 11 
20 10 10 12.35 11.73 3.98 4.50 4,00 12 
10 10 10 12.35 10.80 0.77 2.32 1.96-> 13 
10 10 10 12.35 10.50 0.47 2.32 1,96'» 14 
10 10 10 12.35 10.50 0.49 2.34 1.98^- 15 
"Calculated correction » 0,36 ra.e. 
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V/hen the oorroctlon Is applied, the net requirement of 
porraansanate is rouglily proportional to the naphthol. The 
various series also agroe fairly well. 
Small amounts of cobalt wore used in a series of samples, 
a fev/ of which are summarized in Table V'l. In this series 20 
ml. of 0«1 percent naphthol solution and 5 ml« of 95 percent 
acotic acid were added to the cobalt solution and water as 
indicated. After standing a few hours the precipitate was 
removed and washed with 10 ml, of 50 percent acetic acid. The 
washings were added to the filtrate. To this \70re added 50 
ml, of 0,247N permanganate and 100 ml, of sodium hydroxide 
solution (4 percent). In the samples In which no cobalt was 
used 20 ml, of 50 percent acetic acid, the permanganate and 
sodium hydroxide were added to 20 ml, of naphthol solution. 
The mixtures wore allowed to stand several hours before 
titration. The total volume of solution after filtration and 
washing was constant in this series. The total acetic acid 
content was also practically constant. 
TABIE VI 
REQUIREI;ffiI«? FOR MPHTHOL (GOHSTAIIT AMOUI^T OF ACETIC ACID) 
2? * Pernian-
tion (ml.; ganate Net 
SE®. Pe3?raan- Ferrous {Back- Perman-
CoSO^* HgO ganave Solution titration) ganate 
7H20/i.) (ml.) (!»•©•) {m.e.) (iri.e.) (m.e.) 
5 12.35 10.77 0.21 1.79 
4 1 12.35 10.30 o.oa 2.13 
3 2 12.35 10.30 0.46 2.51 
2 3 12.35 9.83 0.27 2.79 
1 4 12.35 9.16 0.02 
H
 
(M 
.
 
to 
5 12.35 9.16 0.33 3.52 
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A graph of those results is Pigttro 2, 
Tlio linearity indicated here suggested extension of the 
v/ork to larger quantities of cobalt solution in order to find 
the limit of concentrations in which thero was proportionality. 
In Table VII are san5)los from a similar series with 
larger total volumes to allow for larger volumes of cobalt 
solution. Instead of 6, 10 ml, of acetic acid were added, and 
the permanganate used v/as stronger. Otherv/ise this series was 
similar to the last. 
In this, as well as in the preceding series, it was 
unnecessary to correct for the acetic acid since it was 
constant. 
Figure 3 is the graph of these results. 
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m L Co Solution 0-^ 
Fig. 2 
C o b a / t  -  p e r m a n g a n a t e  C u r v e  1  
TABLE VII 
REQUIIiEr^ElIT FOR MPHTHOL (CONSTANT AMOUITT OP ACETIC ACID) 
Co Solu­
tion (ml.) 
(1.2 gms. 
C0SO4 * 
THsO/l.) 
HgO 
(ml.) 
Penaan-
ganate 
(in.e.) 
Ferrous 
Solution 
(in.e.) 
Perznan-
ganate 
(Back-
titration) 
(m.e.) 
Net 
Perman­
ganate 
(m.e.) 
10 17.05 15.76 0.27 1.52 
7 3 17.05 15.60 0.29 1.74 
6 4 17.05 15.50 0.65 2.10 
5 5 17.05 16 .IS 1.81 2.73 
4 6 17.05 14.57 0.67 3.15 
3 7 17.05 13.90 0.63 3.78 
2 S 17.05 13.44 0.70 4.31 
1 9 17.05 13.87 1.65 4.78 
10 17.05 12.73 0.85 5.17 
I K) 
K> 
« 
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The curve levels off at values above 7 ml, of cobalt 
solution, probably bocauso of incomplete precipitation of 
cobalt. The slight levolling of tlie curve at the lovsrer end 
v/as probably due to the lesser excess of perxnanganate v/here 
there was a greater excess of naphthol to be oxidized. 
The conclusions drawn from this work wore that cobalt can 
be determined if it is present in smll enough amounts to 
allow use of a large excess of alpha-nitroso-beta-naphthol 
solutions and if a largo excess of permanganate solution is 
used. The acetic acid must be corrected for or kept constant* 
These limitations, together with the perhaps greater 
objection that the determination would be indirect and could 
not take proper advantage of the separation fi'om nickel, 
caused abandonment of the method as a practical means of 
determining cobalt. 
B. Cobaltous Tetrapyrldine Thiocyanate 
In 1927 Spacu and Dick (5) announced a new determination 
of cobalt which involved precipitation as cobaltous tetra­
pyrldine thiocyanate from neutral solution. The complex salt 
v/as weighed after it had been vmahed with alcohol and ether. 
Martini (6) later announced the use of the reaction as a qual­
itative test. 
Several volumetric methods have been baaed on this 
reaction. Tiiese involve titration of the excess of thiocyanate 
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with silver nitrate (7), or addition of an exooas of silver 
nitrate and titration with thlooyanate (8, 9), 
Tlie reaction has been xised in steel analysis as a means 
of separation of cobalt, nickel, zinc and copper from iron and 
chromium (10), The latter are held in solution by tartaric 
acid. 
In a simultaneous determination of nickel and cobalt by 
this reagent they are precipitated together and weighed. The 
nickel is then precipitated separately with dimethylglyoxlme, 
and the cobalt found by difference (11), 
Tlie purpose of the present investigation was to see if 
the cobalt complex could be titrated with iodate in a method 
similar to the well-knovm copper titration (12). In this 
reaction the iodine in iodate is reduced to iodine mono-
chloride while oxidizing the thiocsianate to sulfate and cyan­
ide. 
If the pyridine is not oxidized, the reaction, analosous 
to that for the copper compound, might be written as follows; 
Co (SCN)g + SKIOg + 6HC1 -> OoSO^ + 3IG1 + 2HCN + 3KC1 + HgO ^ HgSO^ 
Acco3?ding to this the ratio is three moles of iodate to 
one of cobalt. 
Trial precipitations and titrations of the complex wore 
made first, A half-gram of ammonium thiocyanate was added to 
the cobalt solution containing 0,1 gm, of cobalt, as nitrate, 
in about 80 mCL, of solution, Tlie solution was heated to 
••26 
boiling and 1 ml. of pyridine added slowly with stirring. The 
heating was stopped, and tho solution stirred for a rainute or 
so and allowed to cool, Whon cold the solution was filtered 
through a crucible with a fritted glass bottom. The precip­
itate v/as vmshed with a solution containing pyridine, alcohol 
and thiocyanate as recommonded by Spacu and Dick (5). It v;as 
then transferred to an iodine flask, Yiater, cliloroform and 
hydrochloric acid were added. The titration with lodate was 
niade to tho disappearance of the iodine color from the chloro­
form layer. 
The lodate required In these titrations v/as too high for 
tho amount of cobalt present. It was thought possible that 
the high results wore caused by oxidation of tho pyridine. 
Tiie pyridine was found to require some lodate when a 
blank titration was made. However, after purification of the 
pyridine by distillation no lodate v/as required. 
When the precipitate fo3?ined with the purified pyridine 
was titrated, it required loss than the theoretical atnount of 
lodate. It was thought that tho cause of this was the 
solution of tho precipitate in the wash solution. The fil­
trate was tested and found to contain some cobalt. Experl-
msnts on washing tlio precipitate v/lth pur© water, pyridine in 
vmter, water containing a salt, pure pyridine and pure alcohol 
showed some solution of the confound in each case. 
A blank on the thiocyanate reraainlng on tho filter and 
beaker was run by pouring a thiocyanate solution throu^ the 
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filter crucible and lihon rinsing the crucible and beaker into 
the iodine flask and titrating. Two such trials showed fair 
agroement and demonstrated the necessity of washing the 
beaker, crucible and precipitate. 
It v/as then decided to try washing v/ith a small volume 
of v;ater, in ordei' to remove as muclj oxcess thiocyanate as 
possible without dissolving an appreciable quantity of the 
precipitate. Sainples of recrystallized cobalt nitrate hexa-
hydrate were weighed into beakers and dissolved in about 80 
ml. of water each. The precipitations were carried out as 
indicated previously. The precipitate was washed with 1 ml. 
distilled water containing a trace of pyridine. The results 
may be seen in Table VIII. 
TABLE VIII 
ANALYSIS OP COBALT IIITRATE 
lodate Sample Cobalt Error 
(ml, (Co(NO,)p*6HoO) 
0.098M) (m.e.) (smt,) Present Pound (m.e.) {%) 
19.9 
19.0 
21.2 
21.8 
1,96 
1.87 
2.08 
2,14 
0.1925 
0.1800 
0.2040 
0.2105 
0.661 
0.618 
0.700 
0.723 
0.653 -0.008 -1.2 
0.623 +0.005 40.8 
0.693 -0.007 -1.0 
0.713 -0.010 -1.4 
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The average of those Is about 1 percent low. 
By this method, analysis of a steel containing about 
4,25 percent cobalt showed 4.37 percent present, 
C, TRIPLE HITRITE 
Til© oxidation of the triple nitrite of potassium, cobalt 
and load, with potassium permanganate, was reported by Bulll 
and Fernandas (13) as a volumetric method of determining 
potassium. In this method large excesses of cobalt and lead 
salts and sodium nitrite are added to the potassium contained 
in a siTiall volume of solution. A dark, slightly soluble 
precipitate is formed, of the formula 
KgCoPbdIOgjg (13), or KgCoPb(W02)6'3H20 (14). 
Pe3?mani5anato oxidlzos the nitrite in this complex quanti­
tatively to nitrate. 
Cuttica (15) noted that the compound K2Co(W0g)^ was 
formed when the lead ion concentration was low. Kelm (14) 
studied the composition and conditions for precipitation of 
the compound. 
Tills Investigation v/as undertaken with the thought that 
the method could be adapted to the deteniiinatlon of cobalt. 
Since Kelm (14) found that the temperature had little 
effect and that room temperature was satisfactory, the precip­
itations in this work alao were carried out at room temperature. 
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Also, as he rocommendod, 1 ml. O.llJ hydroclilorlc acid was used 
for tho precipitation, and two and one-half timos tho amounts 
of lead nitrate, sodium nitrite and potassium nitrite equiv­
alent to tho cobalt present vjere added in saturated solutions. 
Samples of cobalt werb taken by pipetting solutions of 
known cobalt content into beakers and evaporating to dryness. 
The acid, lead nitrate, potassium nitrite and sodium nitrite 
wore then added in that order and the mixtures swirled. 
In the first trials nitrate, chloride and sulfate were 
tried in order to determine tho best salt of cobalt to use. 
Nitrate was found to g3.ve the most ready precipitation, because 
lead formed precipitates v/ith tho chloride and sulfate, thus 
being removed from the solution. However, it was found tliat 
by allowing more time for precipitation and agitating longer 
the triple nitrite was gradually formed at the expense of the 
other precipitates. 
The precipitate was usually allowed to stand at least an 
hour before filtering. It vms then collected on an asbestos 
mat in a Gooch crucible with removable bottom. After being 
washed with water the precipitate and bottom of the crucible 
were transferred to a beaker. The permanganate was added in 
excess, and the mixture was heated to 80°C, with very thorough 
stirring. Tho solution was acidified by addition of 15 ml, GW 
sulfuric acid and heated again to aO®C. An excess of oxalate 
v/as then added and tlie temperature again brought to 80®C. The 
end-point was found by titration with permanganate, the 
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tQinperafcuro not being allowed to fall bolov/ 70®C. 
In tho first of these experiments low values were obtained 
because of insufficient stirring during heating. 
Various amounts of cobalt v?ere precipitated. The volxrass 
of solution (11 gma. of Co(N0g)g«6n20 per liter) taken ranged 
from 1 to 7 ml. Vilhon reagents were added in amounts two and 
one-half times those equivalent to the cobalt in 5 ml., the 
sasi^les of 6 ml. and 7 ml. of cobalt yielded low results. Tials 
agreed v/ith Kelm's study on tho potassium determination where 
large amounts of potassium gave lov/ results. {14). 
However, when tho determinations were repeated on san^jlee 
ranging from 1 to 10 ml., using two and one-half times the 
theoretical requiremont for 10 ml, to precipitate each sample, 
nearly thGoretical results wore obtained, even on the smallest 
samples• 
TABIE IX 
PERIiIANGANA132 EQUIVALENT TO COBALT IIJ TRIPLE KITRITE 
Cobalt 
Solution 
Oo(hS^ Fennanfiamte 
Rw nA \ Back- Net Per- Cobalt 
bJigU/x.i Initial titration Total Oxalate mnganate Present 
(ml.) (in«e.) (m.e,) (m.e.) (m.e.) . (m.e.) (n.e.) 
1 4.17 1.77 5.94 5.40 0.54 0.45 
1 1.11 1.36 2.47 2.01 0.46 0.45 
2 4.17 1.75 5.92 5.00 0.92 0.91 
2 1.67 1.27 2.94 2.01 0.93 0.91 
3 4.17 2.33 6.50 5.00 1.50 1.36 
3 4.17 2.30 6.47 5.00 1.47 1.36 
4 4.17 2.73 6.90 5.00 1.90 1.81 
4 4.17 2.67 6.84 5.00 1.84 1.81 
5 5.56 1.76 7.32 5.00 2.32 2.26 
5 5»55 1.72 7.28 5.00 2.28 2.26 
5.5 6.95 0.65 7.60 5.02 2.58 2.49 
6 6.95 0.96 7.91 5.02 2.89 2.72 
6 6.95 0.95 7.90 5.02 2.88 2.72 
7 6.95 1.55 8.50 5.02 3.48 3.17 
7 6.95 1.53 8.48 5.02 3.46 3.17 
10 9.72 0.91 10.63 6.03 4.60 4.53 
10 9.72 0.78 10.50 6.03 4.47 4.53 
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For small saniples, thoreforo, the cobalt do termination 
Is reliable, as t;o11 as for modorate amounts. It differs in 
this reapoct from the potassium dotormination. 
Since the precipitation Is done In a concenti''atod sol­
ution the triple nitrite is llkoly to have other nitrites 
oo-preclpltated with it. While the slow precipitation is 
going on the solution tends to dry up. This makes the precip­
itate hai'd to wash and probably -accounts for many of the high 
values obtained. 
It can bo seen in Table IX that the percentage is high 
in many cases, although the actual error is quite low because 
of the small amoxmt determined. 
Cobalt is not precipitated separately as the triple 
nitrite from a nickel and cobalt mixture. If the cobalt v/ere 
precipitated in some other way, dissolved and reprecipitated 
as the triple nitrite, a voluiiietric determination \w\jld bo 
possible, even in the nickel solution. It was thought 
possible that alpha-nitroso-beta-naphthol could be used as 
the first precipitant in such a method. 
In using the naphthol in that way the problem readily 
apparent was to find a reagent, powerful enou^ to destroy 
the cobaltic alpha-nitroso-beta-naphtholate, v/hlch could be 
removed after the solution of the cobalt. 
Nitric acid, aqua regla, potassium chloratje In acid, and 
hydrogen peroxide were tried without much success. The 
solution v;as found to bo incomplete or too slow for practical 
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use. 
Perchloric acid vms found to dissolve fno cobalt precip­
itate in a reasonable time . The solution v/as ovapo3?ated to 
dryness to remove the excess of perchloric acid. Upon 
addition of the precipitating agents it was found that the 
triple nitrite did not precipitate properly. 
The dry residue from the treatment with percliloric acid 
v/as evaporated with hydr'ochlorlc acid. This was found to 
remove the perchloric acid and permit precipitation of the 
triple nitrite. Results of determinations in which this was 
done are shown in Table X. 
In these analyses 5 ml, each were taken from solutions 
of nickel sulfate and cobalt nitrate (11 gms, per liter of the 
respective hydrates). The 10 ml, solutions were diluted and 
the cobalt precipitated according to directions given by the 
United States Steel Corporation (16), The naphtholate precip­
itate v/as destroyed with perchloric acid and the solution 
evaporated to dryness. Hydrochloric acid ms added and the 
evaporation repeated. The precipitation, oxidation and 
titration of the triple nitrite were carried out as indicated 
before, with the exception of the last three samples. In 
these ferrous solution was used in place of oxalate. 
TABLE X 
COBALT pom® IN KICKEL-C03ALT SOLUTION 
Permanganate (ra.e . )  Net Per­ Cot)alt 
for 
Oxidation 
for Back-
titration 
Total 
(si.e.) 
Oxalate 
(m.e.) 
manganate 
(m.e.) 
Found 
(m.e.) (ragms,} 
Present 
(mgms.) 
5.56 1.73 7.39 5.02 2.37 11.6 11.14 
5.56 1.61 7.27 5.02 2.25 11.0 11.14 
5.56 1.53 7.19 5.02 2.17 10.7 11.14 
5.56 1.09 6.65 4.33«- 2 .o2 11.4 11.14 
4.17 0.63 4.80 2.62-> 2.18 10.7 11.14 
4.17 0.79 4.96 2.62-> 2.34 11.5 11.14 
Average 11.15 11.14 
ferrous solution* 
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Tlie latter results show that olthor ferrous or oxalate 
solution inay be used In the determination. 
The possibility of doterraining cobalt volumetrically in 
a solution vvlth nickel is demonstrated by these data. 
D, Dime thyIglyoxiBie 
The use of dimethylglyoxirae as a qualitative reagent for 
nickel was announced by Tschugaeff in 1905 (17). Application 
of the reafsent to quantitative analysis waa raade by Brunck 
(18). 
There liave been few volumetric determinations with this 
reagent. Holluta (19) titrated the acid liberated in forming 
the nickel complex. Others have oxidised the hydroxylamine 
set free v/hen the nickel compound of the dloxime was hydrolyzod 
in hot acid solution. Tougarinoff (20) used a solution of 
ferric salt as the oxidizing agent, and lohlmaru (21)(22) used 
a dichroiiiate solution. 
It was thought that other oxidizing agents might be used 
for this oxidation and used for quantitative determination of 
the nickel in the glyoxime complex. Olander (23) used iodine 
as the oxidizing agent and found that the amount of iodine used 
was not proportional to the amount of hydroxylamine; only by 
comparison -with tables obtained by titrating Icnown amounts of 
hydroxylamine could he determine the araount of hydroxylamine 
present in a sample.. 
Kurtenaoker and Neusser (24) used alkaline permanganate 
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for the oxidation, but found tho results unreliable because 
tho amounts of nitrous oxldo and nitrite formed varied with 
the conoentratlon of both alkali and permanganate. 
In acid solution hydroxylamin© is oxidized quantita­
tively to nitric acid by hydrogen peroxide, according to 
Wurster (25). Titration of this acid should bo a method of 
doterralnlng hydroxylamine, according to Langhans (26), 
As a preliminary to ftirthor work v/ith dlmethylglyoxime, 
attempts were niade to check the method of Tougarlnoff (20). 
In this procedure the nickel precipitate is hydrolyzed in hot 
sulfuric acid, Ferric sulfate solution is added and the 
solution boiled. The ferric ion oxidizes the hydroxylamine 
to nitrous oxide. The ferrous ion is then titrated with 
permanganate. 
The first samples hydrolyzed vjere of recrystalllaed 
dlmethylgloxime. When the samples were titrated varying, but 
high, results were obtained. 
Since tho results v/ere high, it was thought that the 
error could have been due to tho presence of ferrous ions 
among the ferric used for oxidizing. A blank titration on tho 
ferric solution required no permanganate, 
Hydroxylamine hydrochloride was oxidized and the solution 
titrated with similar results. Assay of tho coinpound by anal­
ysis for chloride indicated that It was practically pure. 
Using a large amount of ferric sulfate was found to give bettor 
results. This agrees with Raschlg's (27) conclusion. He 
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found that nitric oxide v/as forinod when Insufficient ferric 
salt was proaont. Accuracy and reproducibility were only fair. 
Tills was also true of analyses of dlmethylgloxiine when 
atteir^ted again with larger amounts of ferric sulfate. 
Attempts were made to oxidize the nickel dimothylglyoxlme 
by heating the precipitate in alkaline permanganate for about 
one-half hour, To about 75 ml. of solution 1 gm. of sodium 
hydroxide was added. After being heated the solution v/as 
acidified,, an excess of ferrous solution added and the end-
point I'eached with pemianganate, The results v/ith various 
amounts of sample are given in Table XI and plotted in Figure 
4. 
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TABLE XI 
PERMWGAMTl?: EQUIVALENT TO WICICSL 
Permarv^anate 
Nickel 
(gms.) 
Perman­
ganate 
Tra.e.) 
Ferrous 
Solution 
(m.e.) 
Back-
titration 
(m.e,) 
Total 
(m.e,) 
Net 
(m,e,) 
0,0022 2.78 3.97 2.78 5,56 1.59 
0,0022 2.78 2,89 1,72 4,50 1.61 
0.0022 2.78 2.89 1.74 4,52 1.63 
0.0044 5.01 2.56 0,66 5,67 3.11 
0.0110 12.50 5.09 0.51 13,01 7.92 
0.0176 19.45 10.21 2.44 21,89 11.68 
0.0176 19.45 10.21 2,75 22.20 11.99 
0,0176 19.45 11.07 2,43 21.88 10,81 
0.0176 19,45 10.04 1,80 21,25 11,21 
The linearity of the curve indicated proportionality 
between tha amount of nickel present and the permanganate 
required. The lack of precision among the higher values, 
hovraver, aeoraed similar to the variations in results obtained 
with hydroxylamlne by Kurtenacker and Koussex' (24). About 40 
equivalents of permnganate were required per equivalent of 
nickel• 
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Ifc was concluded that tho oxidation in alkaline pennan-
ganate ia not reliable. 
In iodine solution oxidation of the nickel compound was 
even leas successful. Y.'hen tho solution was heated, iodine 
was lost because of the higher vapor pressure. In the cold 
solution tho compound v/as not hydrolyaad, and, therefore, it 
was not easily oxidized. 
In further experiments chloroform was added to the 
solution containing the iodino and precipitate. It was thougJit 
that in the solvent both iodine and the compound would be more 
soluble and react more readily with each other. Tlie results 
obtained with this modification wore hardly better than those 
obtained previously. 
In sodium carbonate solution the oxidation was apparently 
not very precise. About 1,6 equivalents of iodine were used 
in oxidigsing an equivalent of hydroxylamine • 
nanus* solution was used to oxidize the complex with 
little effect. 
An endeavor was made to oxidize the hydroxylamine quanti­
tatively with hydrogen peroxide in acid solution. To 10 ml. 
of solution containing 0.1 gm. of hydroxylamine hydrochloride 
were added 30 percent hydrogen peroxide and 10 ml. of 0.2N 
sulfuric acid. The solutions were placed in an oven at 40-50*tJ« 
for periods up to 20 ho\irs. Tlio volume of peroxide used 
varied from 1 to 5 ml, por sample. 
Titration of the total acid content of tho solution and 
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auTatraction of the amount due to the sulfuric acid yielded, 
at til© most, about 85 percent of the theoretical. 
Oxidation of the nickel complex v/ith eerie sulfate v/as 
al3o atteiT^ted. Hie precipitates from samples of nickel 
solution containing 0,0022 {pn. N1 each wore heated in sulfuric 
acid solutions of (15, 20, 25 ml, of 0,06K) eerie sulfate. An 
excess of ferrous solution v;as added and the end-point reached 
with eerie sulfate, using erioglauclne as indicator. Tlie time 
of boiling was varied from a minute or two to sevei-'al hours 
without making a great difference in amount of oxidation. The 
number of equivalents of cerlc sulfate per equivalent of nickel 
was about 20. 
Iodine monochloride and silver nitrate were each tried as 
catalysts without increase in oxidation. 
Likewise, with this oxidizing agent, oxidation of 
hydroxylamlne hydrochloride Itoelf was tried. The results were 
similar to those obtained with dimethylgloxime. 
Of possible significance was the fact that in the cold 
solution there was apparently more oxidation than in the heated 
solution. Tills wo^uld be expoctod if one of the compounds, 
oxldlEsable in the cold solution, v/ould be boiled out of the hot 
solution, escaping oxidation. 
In the cold there wore perliaps more repiKJduclblo results. 
Even in the cold, hov/ever, the results were subject to consid­
erable variation without apparent reason. 
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III. SUf^IARY 
1, Sjfiiall amounts of cobalt can bo detorrained "by precipi­
tation v/ith alpha-nitroso-bota-naphthol followed by oxidation 
and titration of the excess naphthol in alkaline potassium 
perjnanganato. 
2, Cobalt can be detennined by titration of cobaltous 
tetrapyridlne thiocyanate with potassiian lodate, 
3. Cobalt can be titrated by oxidation of potassium 
cobaltous lead nitrite \7ith potassium permanganate. 
4. Oxidation of nickel dimethylglyoxlme with potassium 
permanganate, iodine, eerie sulfate or hydrogen peroxide is 
not satisfactory for the determination of nickel. 
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